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Background/Motivation

A There have been numerous aircraft accidents g ‘
and incidents involving lithium batteries on
aircraft.

A There is a lack of knowledge of the
effectiveness of various extinguishing agents
on aircraft.

A Information in this field can promote safety by
giving airlines and airframe manufacturers
sufficient data to make informed decisions
about how to safely transport lithium batteries.
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Background i Battery Fires

A The main source of fuel for lithium battery fires is generally
the flammable gases generated from thermal runaway.

I Flammable battery gas composition can vary due to many factors
Including State-of-Charge, Chemistry, and overall design.

I Three main flammable gases:
A Hydrogen
A Hydrocarbons
A Carbon Monoxide

I Among the 3 gases, composition variations can seem endless,
especially due to the broad variety of hydrocarbons that can exist.
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Extinguishing agents on aircraft

A Current:
I Halon 1301 (CF;Br)
A Potential:
I 2-BTP/CO, (mixed 50/50 by weight), (C;F,H;Br / CO,)
I Carbon Dioxide
I Nitrogen
I Aerosols
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Introduction T criteria for flammability of
gases/inerting concentrations of agents

A Experimental:
I Upward flame propagation
" Downward flame propagation
" Pressure rise
" Heptane cup burner
"~ Others

|
|
|
|
|
A Computational and Analytical 1
|
:
:
:

Le Chateliers formula, extended Le Chateliers formula
Laminar flame speed (3 cm/sec to 5 cm/sec)
Adiabatic flame temperature (1400K to 1600K)

Addi ti onlmdx ai brheatctkods t hat were created
theory of combustion, flame propagation and flame extinction.
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Introduction I past studies of extinguishing agents

Halon 1301 Carbon Dioxide Nitrogen
Hydrogen 26.7% 1 28.6% 56% T 61% 75%
Methane 6.2% - 7% 23.0% 1 28.6% 36.7% 1 40.6%
Ethylene 12% 41% 50%
Carbon Monoxide | n/a 53% 68%
Battery Gas 8.6% n/a n/a

A Range of percentages due to variation in method used.
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Objective

A Evaluate the effectiveness of cargo compartment fire
suppression agents against lithium battery fires and
individual flammable gases.

A Evaluate the effectiveness of simulation methods and
analytical methods at predicting the effectiveness of
various extinguishing agents.
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Setup

A Simulations: Cantera

I Use mechanism files that were compiled previously
by NIST

I Use laminar flame speed and adiabatic flame
temperature as a predictor of flammability

A Experiments:
I 21.7 liter combustion sphere

I Spark igniter for ignition (0.5 second duration, 10k
volts, 5mm gap)

I Small computer fan to mix gases

I Plezo-electric pressure sensor (max pressure and
max rate-of-pressure rise)
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Aerosol

T—
After the aerosol was activated,
air was added here to purge the
aerosol from the tube and fill the
vessel to 14.7psia

‘{ Aerosol was added here and ‘
@@ | propane torch was applied to the ||
outside of the tube to activate

Pre-determined weight of agent Method 1 Method 2

A Two methods were used to add aerosol extinguishing agent to the vessel.

I Method 1: Aerosol chunks were placed in a stainless steel tube as shown and ignited by
heating the outside with a torch.

I Method 2: Aerosol chunks were placed between the two ignitor probes within the pressure
vessel (within cellophane).
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Gases

A All other gases were extracted from bottles with specified
purities.

Air Ultra Zero Grade Hydrogen 27.7%
Hydrogen 99,9999/ Purity Carbon Monoxide 22.9%
Methane 99% Purity Methane 6.4%
» 0
Ethylene 99.5% Purity Propylene 4.52%
. . . Ethylene 2.19%
Carbon Monoxide 99.5% Purity
Nz YT 1-Butene 1.58%
Hrogen =277 Tunty Ethane 1.16%
H H 0 a1y
Carbon Dioxide 99.8% Purity Butane 36%
Halon 1301 Unknown Purity Propane 267%
2-BTP Extracted from Handheld Extinguisher Carbon Dioxide 30%
Aerosol A Solid that Creates an Aerosol Mixture when Activated Nitrogen balance
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Test Procedure
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Cantera Setup
Methane, phi=1

40
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Using flame speed to predict a starting point

for experiments

A Cantera simulations were run
during experimental down
time to minimize the number
of experiments required to find
the flammability limits.
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Pressure Rise Repeatability

Test 1 Test 2 Test 3
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A Repeatability experiments were performed to ensure peak
pressure rise was repeatable.
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Comparison of pressure
rise results to literature I
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Initial testing T Halon and Hydrogen
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A Lower concentrations of Halon 1301 can have little effect on peak pressure but
significantly reduce rate of pressure rise.
A Correlates to a significant decrease in flame speed but a much less significant
decrease in total heat release.
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Initial testing 1 flammability curves

ACertain Halon 1301/hydrogen mixtures have a greater
pressure rise than if no Halon 1301 was added.
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